Shoots of three landraces of a Vigna species from two climatic areas of Cameroon were evaluated for their content of heat-resistant peroxidases. The peroxidase activity in the three landraces was detected with a greater catalytic efficiency for oxidation of O-dianisidine relative to ABTS (2, 2'-azino-bis-(3ethylbenzothiazoline-6-sulfonic acid) at pH 5. For example, with respect to the landrace named Vs1 in this study, V max /Km for O-dianisidine was around 0.68 compared to ABTS (0.01). The results revealed a great thermal stability of peroxidases of a landrace cultivated in the hotter northern part of Cameroon (average temperature of 29°C). Residual activity in this landrace was 67, 34 and 3.4% after preincubation for 1 h at 70, 75 and 80°C respectively. For this same landrace, peroxidase activity did not significantly reduce after pre-incubation for 1 week at 55°C and was more than 60% after 3 weeks at 55°C. After storage for 365 days at room temperature (25°C), peroxidase activity remained above 30% for all three Vigna landraces, but higher at 47% for Vigna from the hotter area. Such thermal stability of peroxidases was not observed in maize, beans or peanuts in this study. The addition of calcium chloride in the crude extract of the more resistant Vigna landrace led to a total inhibition of thermal inactivation, after pre-incubation for 10 min at 80°C. These findings make this Vigna landrace a source of highly useful peroxidases in biotechnology, especially as part of bench top diagnostic kits in Africa that do not require cold chains.
INTRODUCTION
Peroxidases (EC. 1.11.1.7) are ubiquitous enzymes in the living world, where they catalyse the oxidation of a great diversity of substrates while reducing hydrogen peroxide (H 2 O 2 ). They are involved in many physiological processes including lignifications, cell wall formation and protection of tissues from pathogens (Bancroft and Elliott, 1934; Esnault and Chibbar, 1997; Gijzen, 1997) . Because of their widespread distribution and substrate diversity, they are useful as catalysts in clinical biochemistry and enzyme immunoassays. Some of their new applications include treatment of wastewater, bio-bleaching and synthesis of several aromatic compounds (Su-ming et al., 1981; Heinfling et al., 1998; Gómez-Toribio et al., 2001; Garcia-Arellano et al., 2004; Veitch, 2004) .
Haem peroxidases fall mainly into two super families: super family of animal peroxidases and super family of *Corresponding author. E-mail: wfmbacham@yahoo.com . Tel : 237 77 57 91 80. bacterial, fungal and secretory plant (Welinder, 1992) . Secretory plant peroxidases, as well as lignin peroxidase, manganese peroxidase and related extra cellular fungal peroxidases contain two calcium-binding sites and it was shown that calcium ions play a role in their structural stability (Howes et al., 2001) . However, high temperatures are required for some special applications; demand a high degree of natural robustness. For example, thermostability is a requirement for peroxidases used for the removal of phenolic compounds from wastewater (Liu et al., 2002) , or for peroxidases used as biosensors in the assay of biochemical including glucose, lactate and cholesterol, as well as in the detection and assay of immunoreagents (Kenausis, 1997) . In addition, in enzyme immunoassays techniques where peroxidases are used as immunoconjugates, storage stability of reagents is of great importance, given that the durability of stable conjugates would provide economic benefits (Mason et al., 1982; Cuello et al., 1984) .
Although, the most exploited vegetal source of peroxidase is Horseradish (Amoracia rusticana). New plant peroxidases have been reported to be more useful for biotechnological processes where high thermal stability of the catalyst is necessary (Kamal and Behere, 2002; Rodriguez et al., 2002) . Since some studies show that peroxidases isolated from plants of tropical regions have potential for such applications (Sakharov, 2004; Khales and Baaziz, 2004) , their screening among this class of plants is intensified.
There is a leguminous Vigna species that originated in the arid areas of West Africa and more probably the north of Nigeria and Cameroon. Although, that Vigna species has been very little exploited industrially until now, there is currently a renewed and increased interest by scientific community for its great adaptability to harsh environmental conditions (poor soils, dryness and high temperatures) which would normally limit the culture of other leguminous plants. However, no research based on the biotechnological potentialities of peroxidases of this plant has been published. This study thus, sets off investigations to screen Vigna species as sources of heat resistant peroxidases.
MATERIALS AND METHODS

Reagents
2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), Odianisidine, PMSF, EDTA, EGTA, 30% Hydrogen peroxide, sodium phosphate monobasic and dibasic, sodium acetate and CaCl2 were from SIGMA or SIGMA Aldrich. Concentrated HCl was from CARLO ERBA. Distilled water was used to prepare aqueous solutions.
Plant material
Seeds of three landraces of Vigna species were obtained locally. One of the landraces with white seeds was cultivated in the hot northern part of Cameroon (Vigna northern landrace (Vn). Monthly average temperatures in the north range were between 26 and 32.4°C with frequent maximum temperatures of about 38°C. The other 2 landraces were both cultivated in Bafia, a small town in the equatorial southern part of the country, with monthly average temperatures from 23.7 to 26.5°C; one with brown seeds (Vigna southern landrace 1 (Vs1) and the other with a mixture of brown and black seeds (Vigna southern landrace 2 (Vs2). Seeds of three of the principal plants cultivated in the country and whose peroxidases were already investigated were also used in this study; a local variety of maize and beans respectively and a variety of peanuts cultivated in the north of the country. These three plants were used in this work as controls, that is, as peroxidase sources for comparison of their catalytic activity and thermostability to those of Vigna sp.
Germination procedure
Seeds of the three Vigna landraces and those of the other plants used as controls (maize, beans and peanut) were sterilized with 10% sodium hypochlorite (v/v) and rinsed 4 times with distilled water (for each washing, the water volume was such that its level was twofold that was occupied by the seeds in the washing container). 15 seeds of each plant were spread out in Petri dishes between two layers of moistened filter paper. The latter was kept Mbassi et al. 3169 moist every 3 days with distilled water and maintained in the dark at room temperature. After 9 days, germinating shoots were collected with a scalpel and then stored at -20°C until further used.
Protein extraction
4 g of shoots of each plant source were ground in 50 mM phosphate buffer of pH 7 that contained 5 mM EDTA, 1 mM EGTA and 1 mM PMSF to inhibit proteases. It is important to note that, 4 g of shoots corresponded to approximately 7 to 8 shoots for each of the 3 Vigna species, 3 shoots for maize and approximately 4 for beans and peanuts. Extraction procedures were done on ice or at 4 to 8°C. The ratio of buffer volume per gram of plant material was 5:1. The extracts were further homogenized in a glass homogeniser using 30 s bursts. The homogenate was filtered through filter paper (Whatman #3) and the filtrate was centrifuged at 15000 g for 20 min. The supernatant was recovered and stored in aliquots at -20°C until further used.
Activity assays and determination of kinetic constants
The enzyme activity was measured by using the reduction of hydrogen peroxide with either 2,2'-azino-bis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS) or O-dianisidine. Activity was measured by scanning through time points with a Biochrom Libra S12 spectrophotometer, following changes in absorbance of either product accrual; ABTS radical at 414 nm (assuming that ε 414 nm= 31.1mM -1 cm -1 ) and O-dianisidine oxidation product at 460 nm (ε 460 nm= 11.3 mM -1 cm -1 ). Measurements were done at room temperature (~24 to 26°C). Bradford method (1976) was used for protein quantification, with BSA as standard. Kinetic constants (Km and Vmax) were determined at pH 5 and 25°C for the oxidising substrate (H2O2) and for the two reducing substrates (ABTS and Odianisidine). H2O2 measurement was done by measuring enzyme activity at a saturating concentration of O-dianisidine of 15 mM and varying concentrations of H2O2 (0.03 -5 mM). For the reducing substrates, the concentration of H2O2 was maintained constant at 25 mM while varying O-dianisidine concentration from 0.08 to 0.8 mM and ABTS concentration from 0.1 to 3.6mM. Kinetic parameters were established by the method of Lineweaver-Burk.
Peroxidase thermal stability
To evaluate the thermal stability of peroxidases, various temperature treatments at different durations were conducted.
Effect of high temperatures (70 to 80°C) and short periods
200 µl of each crude extract in a tightly closed microfuge tube were incubated for 1 h in a Kottermann D-3162 water bath previously thermostated at 70, 75 and 80°C. The extract was centrifuged at 4°C for 20 min at 15 g. 100 µl of the supernatant and 100 µl of 1 mM ABTS were added to 700 µl of 50 mM phosphate buffer at pH 7 in a spectrophotometer microcuve. The reaction was started by the addition of 100 µl of 0.5 mM hydrogen peroxide. The variation of absorbance was read every 10 s. The residual activity was calculated as the ratio of activity of the assay to that of control which was the extract not heated.
Effect of moderate temperatures (55°C) longer periods
100 µl of each extract in a closed microfuge tube was kept for a period of 3 weeks at 55°C in an incubator. Measurements of peroxidase activity were done according to the same procedure described earlier.
Effect of room temperature and very long periods
1 ml of each extract was stored in a tightly closed microfuge tube for 365 days at room temperature (23 to 26°C on average). Measurements of peroxidase activity were done with 10 µl of enzyme extract, 100 µl of O-dianisidine and 1990 µl of 100 mM acetate/acetic acid buffer of pH 5, and the reaction was started with 100 µl of 0.1% hydrogen peroxide. Residual activity was calculated as the ratio of activity of the assay to that of the control (extract stored at -20°C).
Effect of calcium on thermal stability of peroxidase
The effect of calcium ions on Vn peroxidases was investigated by pre-incubating 10 µl of their extract in 100 mM acetate/acetic acid buffer pH5 at room temperature (~27), 40, 50, 60, 70, 80 and 90°C for 10 min in the absence or presence of 0.1 M CaCl2 (total volume of each sample was 1 ml). Activity was recorded after addition of 1 ml of 100 mM acetate/acetic acid buffer of pH5, 100 µl of 0.1% Odianisidine and 100 µl of 0.1% hydrogen peroxide to the pre-incubated enzyme extract. Residual activity was calculated as the ratio of activity of the assay to that of the control pre-incubated at room temperature (25°C).
Statistical analysis
Results are expressed as means ± standard deviations for the indicated number of experiments. Data were analyzed by one-way analysis of variance (ANOVA). When statistical differences were found, pair wise comparisons were performed by the non parametric test of Mann-Whitney. P-values < 0.05 were considered statistically significant.
RESULTS
Protein Yield
The protein content was statistically different for the three Vigna landraces according to P-value of comparison of the means, which was below 0.05. Moreover, the protein yield of the Vigna landraces was also statistically different relative to that of the three controls (Table I) . However, Vn shoots can be considered to be a good source of proteins, having the highest yield comparatively to maize, beans and to the two other Vigna landraces (Vs1 and Vs2).
Kinetic constants
Peanuts, beans and maize peroxidases of the Vigna sp were more catalytically efficient with O-dianisidine rather than ABTS at pH 5, as demonstrated by the difference in V max/ K m ratios obtained for each of these reducing substrates (Table 2) . For example, with respect to Vs1, V max /K m for O-dianisidine was 0.68 compared to 0.01 with ABTS ( Figure 1 ). In addition, with the exception of Vn, the Vigna sp., as well as the controls had a greater capacity to catalyze the reduction of H 2 O 2 rather than the oxidation of O-dianisidine. Catalytic efficiencies for the reducing substrates (ABTS and O-dianisidine) were not significantly different among the Vigna sp, but comparatively to these Vigna sp, peanut was more active for ABTS and maize was more active for O-dianisidine. Also, Vn and Vs1 were significantly more effective than Vs2 and the controls for the reduction of H 2 O 2 (Table 2) .
Thermal stability
The heating of the extracts at 70, 75 and 80°C for 1 h inactivated only 33% of peroxidase activity from Vn at 70°C and 66% at 75°C. Although, their residual activity at 80°C was very weak (3.4%), it was observed that at this temperature, the inactivation was total for Vs1 and Vs2. Peroxidases of the two lastly mentioned landraces were however somewhat thermostable, but the degree of their inactivation was not significantly different from that observed in maize and peanuts and their residual activity were weaker than that of maize at 75°C (Figure 2) . After incubation at 55°C for 1 week, Vn peroxidases did not significantly lose their activity and preserved more than 60% of activity after 3 weeks of incubation at that temperature. Under the same experimental conditions, peroxidase activities of Vs1 and Vs2 were reduced below 20% after 1 week, although the process of inactivation decreased considerably thereafter. Except for maize, peroxidases of bean and peanut were completely inactivated after 2 weeks of incubation (Figure 3 ).
Long-term storage at ambient temperature generally lowered the activity of enzymes, but the three Vigna landraces used in this study showed an obvious tolerance to this environmental constraint. The residual activities after one year of conservation in extraction buffer at this temperature were respectively 47.08% for Vn, 33.55% for Vs1 and 43.46% for Vs2. Those of the three controls were lower than 10% (Figure 4 ). 
Calcium effect on peroxidase thermal stability
The three experiments relative to thermal stability revealed that the peroxidases of Vn were the most resistant to heat treatments. This allowed the check to show if Ca 2+ could stabilize them more. 10 min heating at various temperatures revealed a strong stabilization of the activity of Vn peroxidases up to 80°C where 100% of the peroxidase activity was compared to that observed at 27°C, was maintained at 90°C, whereas the peroxidase activity was lower than 1% in the absence of calcium ions and it remained at 15% in the presence of Ca 2+ (Figure 5 ).
DISCUSSION
Vigna sp. can grow under adverse conditions. This plant grows well on poor soils which are low in nutrients, resistant to many diseases common in other leguminous plants and mostly have great drought tolerance. Wild landraces of this Vigna sp. are indeed found only in hot regions with sandy soils of Cameroon and Nigeria. This led to the suggestion that its enzymatic system is structurally and functionally adapted to these conditions. Peroxidases being among the most stress resistant enzymes are thus very exploited in biotechnology and the investigation sprang from this observation. Some studies showed the presence of peroxidases in peanuts, beans, and maize (van Huystee et al., 1995; Edreva et al., 1997; Zhu et al., 2006; Kermasha and Metche, 2006) . The present work showed that peroxidase activity, in the shoots of the three landraces of Vigna sp, was comparable to that of the three plants previously mentioned. O-dianisidine was better oxidised by these peroxidases compared to ABTS. The differences observed in catalytic activity of the three landraces and the other plants used in this study cannot be considered as conclusive, because the peroxidase concentration in protein extracts is not known and is probably different from the species. In addition, other studies revealed great variations among reactivity of isoperoxidases within the same plant (Conroy et al., 1982) . Because of the hot and drought harsh climate of its geographical area of origin, the Vn landrace showed peroxidases of very great thermostability. After 1 h treatment at 70°C (pH 7), their residual activity was still higher than 65%, while for Vs1 and Vs2, it was lower than 30%. The two controls of maize and peanuts showed a thermal stability which was comparable to that of the two Vigna landraces, with their residual activity been slightly lower than 30% after this treatment. Peroxidases from other plant sources have been reported to lose a large part of their activity in 10 min of heat treatment (Sergio et al., 2007; Agostini et al., 1999) . Horseradish peroxidase, the most studied peroxidase, quickly loses its activity in 10 min of treatment at 70°C (pH 7) (Navid et al., 2007) . Only palm tree peroxidases and soybean seed coat peroxidases have been reported to be highly stable at this temperature (Sakharov, 2004) . This confirms that, peroxidases of tropical plants in general and those of the studied Vigna sp in particular, may have a great biotechnological potential. This study revealed that, heating during 1 week at 55°C reduced very little activity of Vn peroxidases and after 3 weeks of pre-incubation at this rely on denaturing paired nucleic acid strands at temperatures excess of 50°C requires thermostable electrochemical devices and notably nucleic acidthermostable peroxidase probe (Pokora and Johnson, 1992; Wolcott, 1992; van Gijlswijk et al., 2002) . With regards to storage at ambient temperature, scattered data affirmed that horseradish peroxidase completely lost its activity after 4 months at ambient temperature and that the soybean seed coat peroxidase conserved a substantial activity after 1 year of storage under similar conditions. Peroxidases from crude extracts of Picea abies L. Karst. needless, have been reported to lose up to 60% of their activity only after 1 month of storage at 24°C (Has-Schön et al., 2005) . Crude extracts of peroxidases from these three Vigna landraces studied, maintained more than 30% of their activity after one year under similar conditions with peroxidases of Vn still having almost 50% of residual activity. This remarkable property is useful from the economic point of view, especially as it abrogates the cold chain that is much problematic for Africa. Indeed, thermostable enzymes have the advantage of longer shelf life and would lend themselves to the development of clinical kits whose durability would increase the stability, reduce handling and storage costs of the reagents.
In this study, it was observed that calcium ions stabilized Vn peroxidases up to 80°C and to a lesser extent at 90°C, suggesting that, thermostability of peroxidases of this Vigna landrace can be heightened by calcium salts, as demonstrated in some works for other secretory plant peroxidases (Sutherland and Aust, 1996; Bakardjieva et al., 1997; Sidrach et al., 2006) .
It should be noted that, all the experiments reported were done with crude extracts and some peroxidase isoenzymes in Vn, which may probably possess physical and chemical properties that are more interesting and currently masked by the presence of less stable isoenzymes. In addition, the study is related only to soluble peroxidases of the shoots, and it would be necessary to continue the research at the level of all plant parts and cellular localization of peroxidases.
The study revealed Vigna sp. as a good source of thermostable peroxidases with great catalytic potential. At the time when the protection of the environment will be of great preoccupation worldwide, enzymes will be a very ecological alternative for certain polluting chemical treatments. However, the question of the lower stability of most enzymes is related to that of the usual chemical reagents that often arise. Investigating such aim to search and further characterize naturally stable peroxidases will certainly not only contribute to solving the problem of pollution, but will also make inexpensive bioreagents (with long shelf life) that will be increasingly accessible for poor countries.
